toma cells was measured in a Packard Tricarb liquid scintillation spectrometer (model 3375, Packard Instrument Co., Inc., Downers Grove, Ill.) using the method described by Herscowitz and McKillip (9) . The results were calculated as percent specific lysis using the formula described by Cerottini and Brunner (10) . percent specific lysis = 5~Cr released in presence of immune cells -spontaneous release × 100 maximum 5~Cr release -spontaneous release Spontaneous 5~Cr release (8-16% after 4 h incubation) was estimated by incubating target cells alone or with normal lymphocytes, and maximum release (in the range 75-85%) was obtained by measuring the amount of 5~Cr released following the cycles of freezing and thawing. Cells from dimples that yielded more than 10% specific lysis were scored as positive. As this arbitrary percentage is a figure that is well above any apparently specific lysis due to errors in isotope counting or manipulation, the total calculation of the number of positive foci would be a conservative estimate.
Results
Kinetics of the Production of Cytotoxic Lymphocytes (CLs) in Acrylamide Dimples. 5 x 104 CBA spleen cells were cultured with 1.3 × 107 F1 spleen cells, and individual dimples were assayed for cytotoxicity at various times. 64 dimples from duplicate cultures were assayed at each time. The number of foci were corrected for coincidence and are expressed in Fig. 1 .
The kinetics of CL production are similar to those observed by other workers (11, 12) . It is of interest to note that at the time when the maximum amount of cytolytic activity is found in in vitro responses, the maximum number of foci are detected in the polyacrylamide cultures (see Discussion).
The Frequency of Precursor Cells. It was assumed that the number of positive dimples is equivalent to the number of precursor cells in the responding To obtain Fig. 2 B, the number of 'clones' in a culture was corrected for coincidence of foci as described previously (7). The number of foci of CLs which are generated in cultures of F~ spleen cells was subtracted from each estimate, and the number of clones per culture is plotted against the cells cultured. The frequency of CL-forming cells was found to be 1 in 1,700 when corrected for the contributions of F~ cells. 50 foci were generated in cultures containing 8.5 × 104 CBA spleen cells. tation of results using this assay is complicated by the fact that cell proliferation and the production of cytotoxic lymphocytes may be dissociated from one another (14) . The use of the polyacrylamide culture system has allowed the segregation of foci of CL so that within the limits of the 51Cr-release assay, the number of precursors of CLs can be measured. Since, unlike Wagner and Feldman (11), we did not find that mitomycin C-treated cells were superior to untreated F1 cells, F~ cells have been used in all experiments.
The frequency of foci of CLs under the conditions of the polyacrylamide cultures has been derived using the rationale of Quint~ns and Lefkovitz (13) in Fig. 2 A. If the number of foci derived from F1 cultures is subtracted as in Fig. 2 B then the frequency is 1 in 1,700. This figure may be compared to the frequency of 'responding' cells which has been estimated at 1-12% according to various estimates (1, 2, 3, 15) . Our estimate of 1 in 1,700 must represent the minimum frequency, as the plating efficiency of the cultures is unknown and the method depends on the sensitivity of the 5~Cr-release assay. In addition to the frequency estimation, an interesting feature of these results is the small number of foci in cultures of F1 cells. Although the generation of CLs has been demonstrated to be derived from 0-positive lymphocytes (12 and unpublished data), we have yet to delineate the nature of the apparently syngeneic cell killing. No mastocytoma cells were included in the cultures, so that if the CLs are directed against antigens that are unique to the tumor cell, the foci were generated in the absence of specific stimulation. Of the explanations for this phenomenon we could consider firstly, the 'polyclonal' type of response induced by mitogenic factors in the fetal calf serum or secondly, the removal of suppressor cells. The segregation of precursors may also be diluting out suppressive influences.
The dose response relationship in Figs. 2 A and B is consistent with the foci being derived from the clonal expansion of single precursors although we have not formally demonstrated this fact.
The peak of the cell-mediated immune response may be defined as that time when the maximum number of effector cells are produced. If the response consists of the early activation of all precursors, followed by clonal expansion, the maximum number of foci might be expected to occur before the peak of the total response. The kinetics of antigen-induced activation of immune cells suggest that it is an exponential process (for example, [16] ). Bloom et al. (17) have found a linear increase of virus plaque-forming cells in a cell-mediated response and have interpreted their results as demonstrating that the increase is due to the rate at which cells progress from a normal resting stage to an active dividing state. As described previously for antibody production (7), the data in Fig. 1 are consistent with the progressive activation of precursors with, presumably, the exponential increase of effector cells within each clone.
The segregation of specific effector cells allows an estimation to be made of the number of precursors of CLs. From a consideration of published data on the frequency of responding cells (cells with initiator function) and our data on the frequency of precursor cells of CLs, the effector cell precursors may be regarded as a subset of the total responding population. Wilson (19) has discussed the alternative schemes that have been devised to account for the range of responses by histocompatibility antigen-reactive cells. The implications of the precommitment hypothesis may be accommodated by assuming that CLs are generated by the clonal expansion of a subset of precursors which appear with low frequency. In the absence of data on the affinity parameter of the responding foci, it is difficult to assign any value to what might be regarded as a 'low frequency'. Our figure of 1 in 1,700 is the minimum frequency and is related to the total number of nucleated spleen cells. It should be possible to extend the clonal segregation technique to determine whether initiator and effector populations can be separated in the same culture.
Summary
The cell-mediated immune response has been generated in vitro with a polyacrylamide culture system which allows the segregation of foci (clones?) of cytotoxic lymphocytes. Using the method of limiting dilutions, the frequency of precursor cells in CBA spleen cells able to generate a cytotoxic response against DBA mastocytoma is estimated at 1 per 1,700 cells.
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